Restoration of T cell-specific V(D)J recombination in DNA-PKcs(-/-) mice by ionizing radiation: The effects on survival, development, and tumorigenesis.
DNA-dependent protein kinase (DNA-PK) is a DNA-activated nuclear serine/threonine protein kinase. DNA-PK consists of a heterodimeric Ku subunit (composed of a 70 and 86 kD subunit) which binds DNA ends and targets the catalytic subunit DNA-PKcs to DNA strand breaks. DNA-PK plays a major role in the repair of double-strand breaks (DSB) induced in DNA after exposure to ionizing radiation. To better understand the nature of DNA repair defect associated with DNA-PKcs deficiency, we have established DNA-PKcs(-/-) mouse embryo fibroblast cell lines and DNA-PKcs(-/-) null mice, and investigated the response of these mutant cells and mice to DNA damage. DNA-PKcs(-/-) cells are hypersensitive to gamma-irradiation, as evidenced by their low survival as assayed by colony formation efficiencies. Consistent with the radiation hypersensitive phenotype of the cell lines, DNA-PKcs(-/-) mice also display an extreme radiosensitivity, characterized by enhanced mortality after gamma-irradiation. Treatment of newborn DNA-PKcs(-/-) mice with sublethal doses of ionizing radiation restores T cell receptor (TCR) beta recombination and T cell maturation. However, radiation does not restore B cell development. All these mice eventually developed thymic lymphoma. These observations suggest an interrelationship between DSB repair, V(D)J recombination and lymphomagenesis, and provide an in vivo model to elucidate the critical pathways between the regulation of DNA DSB repair, V(D)J recombination, and the molecular mechanism of lymphoid neoplasia.